Abstract
off faced by synthetic engineering materials [1] . Traditional structural materials, indeed,
10
continuously face a typical engineering issue of satisfying both strength and toughness line, which is a weak interface resulting from the remodeling process ( Fig. 1(a) properties) without the need of manufacturing and experimentally testing several samples.
21
The development of numerical models is certainly time demanding. Yet, manufacturing does not require remeshing in the crack tip region, being mesh independent [34] [35] [36] [37] XFEM an attractive approach to be implemented in various studies.
4
Here we adopted the XFEM implemented into a commercial finite element package,
5
Abaqus 6.14 (Simulia, Providence, RI), to describe the mechanical behavior of a bio- The studied bioinspired design (Figs. 1(b-c) ) implements the following bone according to the schematic shown in Fig. 1(d) . In the FE-models we introduced some (Fig. A.1(a) ).
20

Numerical analyses and material properties 21
We carried out quasi-static simulations. All the analyses are based on the cohesive 
19
To obtain the mechanical properties of the CF/epoxy that constituted the tubular 20 sleeves aimed at mimicking the osteon cement lines, it was necessary to create a sub-model 21 of the carbon fiber textile (Fig. 2) . The dimensions of the fabric configuration (Twill 2x2)
22
were acquired through measurements performed on microscopic images using the software 
11
In the model aiming at simulating the tensile loading (Fig. A.1a) , the crack location
12
was not assigned and all the regions were defined as enriched. The simulations were analysis to be performed.
18
For the three-point bending loading configuration (Fig. A.1b) , the simulations were 
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between the specimen and the rigid members (i.e. loading and support) was set to occur in a 1 tangential behavior, using a penalty formulation and a friction coefficient of 0.001. Except 2 from the center region, the mesh was coarser: the element size was set to 0.2mm and a free 3 mesh with advanced front technique was chosen. In the center region, we adopted a finer 4 discretization: the element size was set to 0.06mm and a free mesh with respect to a medial 5 axis was set. To improve the convergence, a 0.5mm flaw was also inserted in the lower 6 extremity, as it appeared experimentally in the initial step of loading. 
3.
Results and discussion
9
The stress-strain curves and the failure modes of the two case studies are shown in another crack originates in the outer circumferential system (Fig. 3(a) ), propagates through 15 the interstitial region, and is finally deviated and arrested at the cement line (Fig. 4(c) ). The 16 inset in Fig. 3(a) shows the STATUSXFEM, which is a color-based representation of the Indeed, the numerical Young modulus is 11.9 GPa and failure occurred at a stress level of 21 29.8 MPa, values 18.3% lower and 6.4% higher than the experimental ones, respectively
22
( Figs. 4(a-b) ). It is fundamental to notice that there was no crack propagation through the arrest caused a sudden drop in the load, which was considered as final rupture.
5
The results of the three-point bending loading condition are shown in Fig. 3(b) and higher than the one experimentally determined (Fig. 4(d) ). The flexural modulus, To provide a further understanding of the role of the cement line in the fracture 1 behavior, we run two additional simulations. In these simulations, we neglected the cement 2 line, modeling the osteon as a unique region. In the former, the osteon is modeled as 3 CF/epoxy material, while in the latter as UDGF/epoxy. The results, shown in Figs. 4(g-h) , 4 endorse the role played by the cement line. When the osteons are described as a unique 5 CF/epoxy region, the failure mode is similar to the one presented in Fig. 3(a) , but the 6 model has a lower toughness (i.e. 13%). Conversely, when the osteons are modeled as a 7 unique UDGF/epoxy region, the damage occur simultaneously in the whole model, leading 8 to a brittle failure and a lower toughness (i.e. 2%). 
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